The effect of accelerating metamorphosis with two different doses of L-thyroxine on the epidermal ATPase activity of Rana catesbeiana tadpoles was examined. Na, KATPase activity progressively increased in epidermis of tadpoles treated with 10ng/ml of thyroxine and at the end of the experimental period the value was around 5 times the control group. In the group of tadpoles treated with 100ng/ml of thyroxine, activity of this enzyme changed more rapidly reaching values 7 times the control on the 10th day of treatment. The effect of thyroxine treatment on epidermal content of Mg-ATPase in tadpoles was considerably less than the changes noted above for Na, K-ATPase; levels after 10 days of treatment were only twice control values. In contrast to its effect in tadpoles, thyroxine treatment effected neither ATPase activity nor oxygen consumption of epidermal tissue from adult Rana pipiens frogs. From these observations it might be concluded that Na, K-ATPase activity of frog skin is specifically dependent on thyroid hormones for its initial activation (during metamorphosis) but not its subsequent control.
The ability of isolated Rana catesbeiana skin to actively transport sodium develops late in spontaneous metamorphosis (Taylor and Barker, 1966) simultaneously with appearanc of the adult skin characteristic of a transepidermal potential difference (Taylor and Barker, 1965) . Development of this function can be accelrated by graded doses of Lthyroxine administered in the aquarium fluid and the equality between short circuit current and net (active) sodium transport reported by Ussing and Zerahn (1951) holds at all stages after the appearance of spontaneous skin potentials (Taylor and Barker, 1966) . It was postulated that during metamorphosis there may be a change in activity of Na, K-ATPase, an enzyme thought to be closely related to active sodium transport (Bonting and Caravaggio, 1963) .
Recently we reported (Kawada et al., 1969 ) that the epidermis of tadpole and frog skin, which is considered to be the anatomical site of the active sodium transporting mechanism (Ussing, 1965) , can be easily separated from the dermis after soaking the skin in solutions of alkaline halides other than chloride, and that Na, K-ATPase activity in adult frog epidermis is about 3 times higher than that observed in epidermis from tadpoles. In this report, the patterns of change in activity of Na, K-ATPase in tadpole epidermal tissue are described for thyroxine-accelerated metamorphosis. Oxygen, administered by bubbling through the water, was started on the 6th day of treatment for Group III to prevent the early demise of tadpoles commonly seen during very rapidly accelerated metamorphosis; the early death appears due, at least in part, to drowning caused by loss of gill respiration at a time when leg development is inadequate to provide the swimming power necessary for air swallowing (lung ventilation) at the surface. At intervals of 4 days, 8 to 10 tadpoles from each group were removed for assay of epidermal Na, K-ATPase by the method previously reported (Kawada et al., 1969) . Protein concentrations were measured by the method of Lowry et al. (1951) . In order to test the effect of thyroxine administration on epidermal Na, K-ATPase content and the metabolic rate of skin from adult frogs, Rana pipiens, obtained from Lemberger and weighing 25-30 g were divided into four groups; two (control and thyroxinetreated) used for the enzyme assay and the other two for the measurement of oxygen consumption. They Changes in Na, K-ATPase activity of Rana catesbeiana tadpole epidermis during thyroxine (T4) treatment. 
Results
As shown in Figure 1 , Na, K-ATPase activity in the separated epidermis of tadpoles exposed to thyroxine at 10ng/ml increased almost linearly from the onset of treatment. By the 8th day of treatment, the activity had reached adult frog skin levels. At the end of the experimental period (16 days), the mean value was approximately five times higher than that measured for the control group and twice that generally found for adult frog epidermis. In the group exposed to 100ng thyroxine/m/, Na, K-ATPase increased more rapidly, reaching adult skin values by the 4th day. Activity was twice the adult skin level on the 8th day and about three times the adult frog or 7 times the control group on the 10th or 11th day of treatment. Data beyond the 11th day were not obtainable because of death of the animals immersed in the high concentration of thyroxine. Figure 2 shows that the pattern of change in Mg-ATPase activity was quite different from that of Na, K-ATPase activity. In the group exposed to 10 ng thyroxine per ml, activity of this enzyme increased after an 8-day latent period to values that on day 12 were twice the control value. No further increases in Mg-ATPase activity were observed even though thyroxine treatment continued 4 additional days. Epidermal Mg- Fig.2 .
Changes in Mg-ATPase activity of Rana catesbeiana tadpole epidermis during thyroxine (T4) treatment. Symbols have the same meaning in Fig.1 . ATPase activity of the group immersed in 100 ng thyroxine per mI increased without a latent period reaching a maximum level also twice that of controls on the 8th day and then leveled off. In contrast, the daily intramuscular administration of a large dose of thyroxine to adult frogs for periods up to 13 days (Table 1) did not significantly alter the activity of either Na, K-ATPase or Mg-ATPase in samples of the epidermis from ventral skin. This dose of thyroxine also failed to stimulate significantly the oxygen consumption of isolated frog skin.
Discussion
The remarkable increase of Na, K-ATPase activity in tadpole epidermis occurring with thyroxine-treatment is qualitatively similar to the appearance of the potential difference and short circuit current during thyroxine-induced metamorphosis. However, the long latent periods (12 and 16 days) observed before the appearance of short circuit current and P. D. (Taylor and Barker, 1965) were not seen in the action of thyroxine on Na, K-ATPase levels in tadpole skin. This asynchrony suggests that morphological changes in the transport-active cell or cell layers of epidermis may be required to manifest active sodium transport, even after the development of adequate amounts of Na, K-ATPase, also an essential factor of the transporting mechanism. The finding that Na, K-ATPase activity increased during metamorphosis, suggests strongly that the level of Na, K-ATPase activity in tadpole epidermis is dependent either directly or indirectly on thyroid hormone. A similar dependency on thyroid hormone has been described for other enzymes (Paik and Cohen, 1960) . Furthermore, it appears from the results with adult frogs that the action of thyroid hormone on epidermal Na, K-ATPase, like its action on skin potential, is specifically limited to frogs at larval stages of development.
At present, there is no evidence to prove whether the action of thyroxine is due to increased Na, K-ATPase synthesis or the activation of enzyme already present. However, there are several points which suggest that the primary site of thyroxine action on the Na, K-ATPase may be at the level of gene expression. Firstly, acute exposure to thyroxine does not influence the Na, K-ATPase activity of either tadpole or frog epidermis in an in vitro system (unpublished data). Also, in acute experiments the addition of thyroxine to isolated anuran skin fails to stimulate short circuit current and skin potential despite numerous reports to the contrary (Taylor and Barker, 1967) . Secondly, the wide variety of thyroxine-induced biochemical changes during metamorphosis which have as a common denominator the synthesis of specific proteins viz., alteration of hemoglobin structure (Trader and Frieden, 1966; Hamada and Shukuya, 1966) , synthesis of ureotelic enzymes (Paik and Cohen, 1960; Tatibana and Cohen, 1965) and changes in the plasma globulin to albumin ratio (Herner and Frieden, 1960) , suggest an effect on DNA and/or RNA. The more recent report by Tata (1967) strongly supports this possibility.
